Introduction: Laparoscopic surgery is unique and complex in nature, so the training is necessary before proceeding to operation room. Many computer aided simulators have been developed for the purpose. Our objective is to assess the improvement of basic laparoscopic skills after training in simulator.
INTRODUCTION
Hand and eye coordination and use of long instruments through the fi xed points are necessary skills in laparoscopy surgery. Practice on patients is no longer considered acceptable. 1, 2 Animal laboratories are costly because it needs separate infrastructures, instruments and disposal problem.
Cadaver training is tried in some parts of the world but lacks bleeding, tissues get tougher as time passes, preservation is expensive and this is not practical in this part of the world. 3 Simulators have been successfully practiced in fl ight training, astronauts, war environments and driving before going to actual fi elds. [4] [5] [6] It allows mistakes in consequences free environment. 7, 8 Virtual reality simulators are expensive (150000 US $) and gives ghostly feeling. Augmented reality simulators are cheaper, provides almost same exercises. 9, 10 The technical expertise will depend on inherited genetic abilities, modulated by acquired knowledge, experience and improved by practice. [11] [12] [13] [14] [15] The aim of this study is to assess the role of simulator in the improvement of laparoscopic skills.
METHODS
An observational study was conducted at Nippon Medical School, Sendagi, Tokyo. Students were included in this prospective study from 2007 September till 2007 November. Institutional approval and consent was taken. Only the students who have interest in surgical career are included in the study and those who did not want to continue after one exercise were excluded. All volunteers were instructed and shown about the use of laparoscopic camera, instruments on the simulator before starting exercise. They are asked about interest of career in surgery. The permission from the ethical committee was obtained. Comparisons of mean performance were made between the fi rst and last exercises using a Mann-Whitney U test. Statistical analysis and data collection were done by using Microsoft Excell 2003.
The Promis2, augmented reality simulator (Haptica) is used for simulation training. It is based on Sony Vaio note book computer, Pentium4, Windows Xp. The laparoscopic interface consists of a torso shaped metallic mannequin 29" 20" 9" with a black neoprene cover connected to the computer with standard four pin digital cable. Laparoscope camera is positioned at the symphysis pubis of mannequin and views displayed on the computer screen. The distal ends of laparoscopic instrument shafts are covered with two pieces of yellow electric tape to serve a reference point for camera tracking system. The permission was taken from the company but the study was not sponsored by them.
Simulator Training Procedure
Volunteers practiced three exercises at a time.
Exercise 1: Camera navigation also called investigation; is searching the object by camera, focusing it and steadying for fi ve seconds and pressing the foot pedal for repeating the same maneuver at other site. Right upper quadrant, left upper quadrant, left lower quadrant and central abdomen are pointed by the laparoscope in the same manner.
Exercise 2: Object transferring. In this exercise, beads are transferred from one cup to other by right hand and then to next cup by left hand and press the foot pedal after completion (Figure 2 and 3 ).
Exercise 3:
Object pointing. This is to touch the object until it disappears and press the foot pedal to point to next object.
The path length of instrument is distance traveled by it. Economy of movement is calculation of smoothness avoiding unnecessary movement. The record of time in seconds to complete the tasks, path lengths of the instruments in millimeters, economy of movements in millimeters were recorded all from session one to six and compared from session one to sixth to assess the improvement. The measurements are recorded according to the software in the promis simulator. Table 1) .
RESULTS

Total
With the results of interview, subjects showed interests in surgical skills improved after completing all exercises. Before training, they had no idea about joining the surgical department, but after training, they showed increased possibility of joining surgical department in future. The confi dence in skills after the training improved except in one who couldn't fi nd the difference (Figure 2 ).
DISCUSSION
Total time taken to complete the exercises by laparoscopic novices was 421.5±128 seconds in Sickle KRV et al study where as it was 186 ±55.4 seconds in the fi rst exercise and 186 ±55.4 seconds in the last exercise in our study. Likewise the pathlengths of the instruments were 4081±138 mm in that study and 4425±1284.3 mm in the left side and 4273.8±1859.4 mm in right side in our study. Economy of movements was 2487±92 mm in that study and 1114.4±435.5 mm in the left side and 845.6±398.8 mm in the right side in the fi rst exercise in our study. The difference was because of task difference, suturing in their study and object handling in our study.
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The growing need for both psychomotor skills training and objective assessment in minimally invasive surgery has led to the dramatic improvements in surgical simulation technology. 9, 16 The study contributes to a growing evidence that, under very specifi c training conditions, virtual reality simulation can be used to improve operative surgical skills. 17 The use of computer enhanced surgical skills training has increased with the availability of progressively more capable devices and urgent mandate to accomplish such training. Surgical tools are predicted to serve a more important role in both acquisition and maintenance of the surgical skills in the future. 18 Simulators allow for repeated practice of standardized tasks under reproducible conditions and facilitate the use of objective measures to assess performance. Transfer of skills from simulation to clinical environment has been shown for laparoscopic manipulative tasks with improved performance of laparoscopic cholecystectomy in randomized controlled trials. 13, 19 In this study, the candidates were consistently faster, had shorter path lengths and had smoother instruments movements in the last exercise than in the fi rst one. They also became signifi cantly more consistent in their performance in the last exercise. They all showed improvements across all three measures from exercise one to last, even due to variability of their performance. Nobody had previous experience of assisting laparoscopic surgery.
Future studies will need to address whether Promis2 training leads to transfer validity to animate operating room for the basic laparoscopic skills: camera navigation, effi cient instrument motion and perceptual ability. The use of simulation training for MIS skills allows for the development of a pretrained novice so that the basic psychomotor and Visio spatial laparoscopic skill have been developed and become reasonably automatic before proceeding to operation room. This allows for more effi cient and safer use of operating room training time to be focused on clinical decision making and avoidance of errors rather than learning how to use and manipulate the equipment. 4 The population is small for at most 10 students come for 4-6 weeks. Only multi institutional candidates make the adequate subjects number. And the expensive equipment can't be afforded in every college. Again the centre for multinational practice will be feasible. Transfer validity of the study can only be done when the students pass the examination and come to surgical department as interns. At the same time the durability of the training can be assessed with repeating the same exercises in the same simulator after a year and compare with previous results. We didn't compare with other training modalities as this is the study of acquisition of basic skills necessary for the laparoscopic surgery. 
The device used in this study, Promis2, augmented reality simulator, shows promising preliminary results. Construct validity was clearly demonstrated by the results of the tasks that the simulator can clearly distinguish between the fi rst and last exercises. 20 An attractive feature of the Promis2 simulator is that the measure of instrument path length and smoothness represent technically more precise and tightly defi ned performance measures. The use of vision tracking for the motion analysis in the Promis2 simulator has great potential both as a training tool and a means of assessing laparoscopic surgical skills. 9 The laparoscope has potential to provide a view of fi eld superior to that obtained with the naked eye. Moreover the view is equally available to assistant and scrub staff as well. 21 Camera navigation is of fundamental importance on any laparoscopic operation. The potential implications of poor telescope use include surgeon frustration, longer procedures and compromised patient safety. Despite these potential problems, sophisticated tools to teach these skills in the training have only recently become available. Promis2 is the simulator device to very specifi cally address the skills training issue for users of laparoscopic telescopes. This study focus on the novice users irrelevant to the real world experience of institutions involved in medical student training and of hospitals that use non surgeon fi rst assistant. Despite the ability to make assessment or even practice surgical skills in the animal lab, issues including cost, proximity, personnel, facility, maintenance and ethical concerns contribute effective barriers to the use of animate models for this purpose. Some of the obstacles to implementation of simulation training methods includes procurement of device, lack of force feedback capabilities in more affordable systems and perception of technology intensiveness.
These might intimidate some potential users and raise fears in others of rapid device obsolesce. Although some of these concerns are valid and must be addressed by developers and educators, the growing experience with current surgical devices with assessment capabilities used on formative training tools in the course of profi ciency based training has shown that they are highly practical and of signifi cant educational value. 13 Certain skills will likely to be best learned in high fi delity models, while complex tasks like suturing and knot tying may equally or even better in less expensive lower fi delity models like traditional box trainer. 4 Advanced minimal invasive surgery is no longer the surgery of future, it is here today and we need to train residents to be profi cient in the skills. 4 Training to students, even lack of time, they are regularly studying the text books in the intervals for the problems when encounter in clinical practice. Likewise, simulation training can be regulated before going to operation room and do the same practice. The simulation system represents useful training device for learning laparoscopic skills and should be widely used to improve surgical performance. 1 And the more surgical modules available (laparoscopic Nissen fundoplication, laparoscopic inguinal hernia, laparoscopic appendectomy, laparoscopic colon surgery, bariatric procedures), the more interesting the simulation system will be. 14 The surgeons who participate in the simulation training system, experienced signifi cant improvements in their laparoscopic skills regardless of prior level of expertise. Surgeons, who are adept at performing conventional surgery, possess the knowledge of surgical principles and skills of operative manipulation. To become profi cient in laparoscopic surgery, they need to master only the necessary adaptation in visual motor processing through training and practice. 11 Virtual reality training is more likely to be successful if the training schedule placed on an interval basis rather than massed into a short period of extensive practice. High fi delity virtual reality simulators will confer the greatest skill transfer to the in vivo surgical simulation but less expensive simulator training will also lead to considerably improved skill generations. 7 But still, the constraints of loss of tactile sensation in the laparoscopic tools and fulcrum effect causing the requirement for opposing motion of action is very real to the environment of laparoscopic surgery.
5
CONCLUSIONS
The training in augmented reality simulator Promis2 is helpful for acquiring the basic laparoscopic skills. The candidates were consistently faster, had shorter path lengths and had smoother instruments movements. They also became signifi cantly more consistent in their performance. This type of training could be included in the surgical curriculum. However, more study is required to validate the authenticity of the study with control.
